Synsedimentary and early diagenetic oxygen levels are estimated by evaluating celadonite-14 smectite formation in marine Jurassic black shale-hosted manganese-carbonates. Celadonite 15 formed under suboxic-dysaerobic conditions, Al-rich Fe-smectite formed at suboxic-anaerobic 16 conditions, and nontronite formed at anoxic-anaerobic conditions during sedimentary burial. A 17 genetic pathway by direct precipitation from solution is proposed for the enormous mass of 18 celadonite, based on mineral and textural evidence. Lamination of the manganese ore is 19 independent of clay-mineral composition and was given by a series of mineralized microbial Fe-20 rich biomats. 21
Introduction 23
Clay minerals are useful environmental indicators. For example, the occurrence of kaolinite 24
indicates intense acidic chemical leaching, whereas montmorillonite indicates a slightly alkaline 25 environment, reflecting the redox conditions at the modern ocean floor (Hein et al., 1979) The lamination of the ore is not mineralogically induced (Polgári et al., 2012b) . 52
This paper determines the mineralogy, microstructure, and distribution of clay minerals 53 stratigraphically through the ore section; and the characterization of clay mineral genetic 54 pathways, which reflect fluctuations in redox conditions during ore formation. 55
Geological setting and ore description 56
The Jurassic (Lias, Toarcian) Úrkút Mn deposit is located in the Transdanubian Range ( Oriented samples (112) were taken along a 917 cm complete section from the footwall to 91 hanging wall from five sections dissecting the main ore bed and one section dissecting the upper 92 ore beds (Fig. 2B ). Bulk and separated lamina sub-samples were studied to determine 93 macroscopic features that cause color and grain-size variations. Ninety thin sections were studied 94 by microscopy. 95
Results 96
The Mn-carbonate ore beds are composed of Ca-rhodochrosite, celadonite, smectite, goethite, 97 and siderite. Moderate components are quartz, Mn-bearing calcite, apatite, pyrite, and barite; and 98 minor components are manganite, kutnohorite, gypsum, and feldspar ( 
Transformations of clay minerals and goethite 192
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